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Main heat source showed as below: 
AP—SC7731E 

PMIC—SC2720A 

Charge IC—PT236T30E2 

PA —SPM6569-12 

LCD backlight 
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Camera flashlight 


Thermal control architecture 


e Thermal sensors 
e Thermal management architecture 


@ Thermal tuner apk 
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e Thermal sensors 


Charge NTC CPU sensor Board NTC 


> Board NIC monitors board average temperature. It's designed for AP 
performance SW algorithm. Removing is prohibited. 

» Charge NTC monitors charge IC temperature. It’s designed for charge throttling 
and charge IC OTP. Removing is prohibited. 
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e IPA- Intelligent power allocation 
s IPA thermal control CPU & GPU 
. FW - Framework 


e EW thermal control cooling 
devices in different scenarios 


Sensors } Cada device È 
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e Thermal tuner apk 
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THERMAL OVER HEAT THERMAL OVER HEAT 


Loc Loc THERMAL OVER HEAT LoG 
MANAGER PROTECTION MANAGER PROTECTION MANAGER PROTECTION 
TEE n nn. n er zan 
Sensor type Sample time Action period W CPU Over Heat Protection 01 1 4 
2.0 120.0 Type:Hot 
Level ID: 
CPU Sensor 
©) 2 3 4 
Temperature 60.0 
Trip ID: Level Add Level Del 


®0 1 2 3 4 
Temperature 85.0 
Trip Add Trip Del 


Trip ID: 

©) 0 
Cores 4 Frequency 1350 Del 

Trip Add Trip Del 
Charge Cur 1050 Del 

Cores 3 Frequency 900 Del 
Ring S konn. W en 
Backlight 255 Del Type:Critical 

Level ID: 
WIFI throughput limit Add © 5 

Level Add Level Del FAN (Sit iE aZe HR 


Backup Save Initial to default 
Temperature 110.0 
ShutDown 


Thermal tuner APK is applied to thermal control parameters optimization and 
thermal status (CPU/GPU frequency and cores, thermal sensors) monitoring. 


PCB thermal design notes 


Recommended placement 
Placement consideration 

Routing consideration 

Stack up consideration 

AP consideration 

PA consideration 

PMIC and transceiver consideration 
Sensor consideration 

TCXO consideration 
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e Recommended placement 


TOP Side 


Bottom Side 
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e Placement consideration 


« Not recommend 
Case1: Heat sources 
placed side by side 


Not recommend » 
Case2: Heat sensitive component 
(TCXO) placed too close to Ihe neat 
source (PA/ transceiver) 


Transceive 


> PCB smaller than 2500mm”2 would have extremely high thermal risk. 3000Omm”2 
or larger is recommended to avoid high thermal risk. 


> Heat source must be at least 3mm away from board edge. 
> Heat source must beat least 5mm away from each other. 
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e Routing consideration 


> Itisrecommended to design buried via holes instead of blind via holes, with 
10mil via diameter and 1mil plating thickness. 


Through via stagger via Through via Stack via 


Micro via hole Solid via hole stagger via hole Stack via hole Skip via hole Step via hole 


PCB thermal design notes KA SPREADTRUM' 


e Stack up consideration 


Lyr Image Foil Generic Name Information 

L1 0.330z Foil Toz Base Copper:0.330z+plating 
1080 PP: 78. 5+/-20% um 

L2 0.330z Foil Toz Base Copper:0.330z+plating 
1080 PP: 82.1+/-20%um 

L3 O50z Core 0.30MM HH 330um 0.5/0 Soz(Include Copper Thick) 

L4 0.50z 
1080 PP: 82.1 +/-20% um 

LS 0.330z Foil Toz Base Copper:0 33oz+plating 
1050 PP: 78 S+1-2096um 

L6 0.330z Foil Toz Base Copper:0.330z+plating 

Fal its A PP: 0.80 +/- 0. 10mm(SM-SM) 


> Recommend 6 layers. 

> GND, top and bottom layer thickness are no less than 0.50z after planting. 
> 2GND layers at least. 

> Suggest L(n) or L(n-1) layer is GND 
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e AP consideration 


Via through L1~L2 Via through L2~L5 Via through L5~L6 


Blind vias through L1~L2 no less than 360 pcs. 
Buried vias through L2~L5 no less than 130 pcs. 
Blind vias through L5~L6 no less than 160 pcs. 
Blind and buried vias should be well-distributed. 
Connect GND pad with trace narrow than pad size. 
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@ PA consideration 


SPM6569-12 


LisL2 L2~L5 


> L1~L2 blind vias no less than 50 pcs. 
> L2~L5 buried vias no less than 20 pcs. 
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@ PMIC and transceiver consideration 


SC2720A 


El L2 


> L1~L2 blind vias no less than 50 pcs. 
> L2~L5 buried vias no less than 30 pcs. 
* The vias should be well-distributed. 
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e On-board Thermal Sensor(NTC) consideration 


» 


» 


SC7731E platform thermal management algorithm was based on on-board 
thermal sensors, NTC should be designed for AP and charger respectively. 


Board NTC should be kept near SC7731E within 3~4mm and locate it on the 
other side of SC7731E. 


Board NTC should be kept away from charger and PA. 


Charger NTC should be kept near charger within 2mm and locate it on the same 
side. 


Ç Pa | 
Z 


K 
We Board NTC 


Slomp Charge NTC 
<2mm 
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e TCXO/TSX consideration 


Route-Out Area around TCXO 


> Distance from TCXO/TSX to heat source should be 3mm/4-6mm at least. 

> Minimum 0.25mm-clearance route out area around TCXO/TSX to avoid heat 
conductivity effects. 

> Recommend no-copper area under TCXO/TSX from Layer L1 to Layer L(n-1). 

> Keep 21mm away from the PCB edge, don't refer to the PCB Main GND, refer PCB 


design guide for detail. 
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Mechanical thermal design notes 


Total thermal solution 
Camera consideration 
Fingerprint module consideration 


Shielding can consideration 


Mechanical consideration 
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e Total thermal solution 


SC7731E/2720A 
Back cover 
Thermal pad Graphite sheet 
Copper foil Metal frame 
Shielding can Copper foil 
LED 


> Suggest to add metal frame between LCM and PCB. 

»TIM must be applied between SC7731E/2720A and shielding can , K should be 
bigger than 2w/mk. 

»Consider to attach graphite sheet on back cover to cool down heat spot, K in x-y 
should better than 1300 w/mk. 

»Strongly suggest to place LCM LED and PCB on opposite position. 


Mechanical thermal design notes EPI SPREADTRUM' 


e Camera consideration 


> Suggest to surround camera with copper foil, and attach it to metal frame with 


thermal pad. 
> Suggest to use high efficiency LED as flash light and LCD backlight 30% is 


preferred. 
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e Fingerprint module consideration 


»Suggest to mount fingerprint module to back cover, and connect to PCB by S 
sharp FPC, it could prevent heat spread to back cover. 


»Do not mount fingerprint module to PCB directly. 
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Thermal test notes 


Recommended test equipment 
Recommended test procedure 


Thermal debug procedure 


Thermal debug tool 


Thermal test notes 
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e Recommended test equipment 


Test Equipment 


Thermal chamber BINDER KB-115-E3.1 


Infrared camera FLIR T420 


Data logger YOKOGAWA GP10 


Thermal couple Omega TT-K-36-SLE 


Function 


Keep specified 
temperature 


Identify hot spot 


Get accurate 
temperature curve 


_ | Attach to hot spot 
and connect to 
date logger 


Thermal test notes GUSPREADTRUM 


@ Recommended test procedure 


==> 
1.Run specified 2.Take IR photo to get 3.Identify hot spot to 
scenario by 30 min surface temperature attach thermal couple 
«w a 
6.Log temperature curve 5.Put test phone into 4.Connect thermal 
changed with time chamber and Keep specified couple to data logger 


temperature and still airflow 
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e Thermal debug procedure 


Adjust charging 
current 


Failed case 


Adjust CPU 
Check scenario power, 
frequency and 
backlight/camera power Sei 


Optimize Add thermal 
Final verify system i 
material 


performance 


Adjust LCD 
backlight 


Thermal test notes KABSPREADTRUM' 


e Thermal debug tool 


SPREADTRUM Thermal tuner apk 


Manual adjust Auto adjust 


AP frequency Management parameter 


Current dynamic adjustment 
LCD brightness dynamic adjustment 


Charging current 
Log temperature sensor 
LCD brightness Log frequency and cores 
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TIM introduction 

TIM in Consumer Electronics 
Properties of TIM 

Thermal pad introduction 

Graphite sheet introduction 
Graphite sheet application examples 


Graphite sheet application notes 


Nano Silica Baloon Insulator 
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e TIM introduction 


Junction 


LED die temperature (T ) 


| 


Heat sink slug 
Heat Sink 
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External heat sink 


temperature (T,) 


Electronic Package Electronic Package 
Source: PNNL temperature {T} (CPU) (CPU) 


>Overheating is the most critical issue in the computer industry. It limits further 
miniaturization, power, performance and reliability. 

>Various interfaces exist between high power, heat generating components and heat 
sinks. 

>Sometimes, there will be only a small contact area between the two surfaces at this 
interface (sometimes as low as 3%), due to the micro-scale surface roughness. The 
surface irregularity is the primary cause of thermal contact resistance. 

> Thermal interface materials are required to enhance the contact between the surfaces, 
and decrease thermal interfacial resistance. 29 
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@ TIM in Consumer Electronics 


<> 
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e Properties of TIM 


Liquid Gels and Elastomeric Phase Change 


S Tapes Adhesives Greases Pastes Pads Materials SNE 
ay eu a e e e e e e e 
owned o e e e NG eo 
wedle Žž e © © © „ÀS oè oœ 
cee e e © 0 © 6 © 
M n u re e e e e e e e 
Longevity 6 e 9 e e e e 
Rework ability ® 9 © 6 ® e @ 
Stress Relief ® e 6 a e e e 
Low cost @ e 6 6 @ e e 


@— Excellent ®— Good © — Moderate @— Poor 
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e Thermal pad introduction 


Thermal Pads 
die cut to a 
precise shape, 


ready for 
assembly. 


Advantages Disadvantages 
» Clean and easy to handle. » To work effectively, thermal pads may 
» Can be die---cutin the precise shape needed require high clamping pressure 


for the application. 
» Simplifies assembly. 
» High conductivity. 
» High dielectric strength. 
» Gap Filling. 
» Naturally Tacky. 
» Soft/Outstanding compression performance. 32 
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e Graphite sheet introduction 
PGS (Pyrolytic Graphite Sheet) is a thermal interface material which is very 
thin, synthetically made, has high thermal conductivity, and is made from a highly 
oriented graphite polymer film. It is ideal for providing thermal 
management/heatsinking in limited spaces or to provide supplemental heat-sinking 
in addition to conventional means. This material is flexible and can be cut into 
customizable shapes. 


ee ee ee ee ee ep 
Diamond 
PGS 10 um 
PGS 17 pm 


L 3 Thermal conductivity: 
Pure copper an 2to 5 times as high as copper, 
Specific gravity: 


1/10 to 1/4 that of ] 
l l l l 7 


O 200 400 600 800 1000 1200 1400 1600 1800 2000 
Coefficient of thermal conductivity (W/(m-k)) 
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© Graphite sheet application examples 


ABS 
Model Silicon ~À ee 
= 


PGS size g 25X40X0. 07 | 25X25X0. 07 wighout 25X 400.07 | 25X25xX0. 07 
(mm) ae (Large) (Small) — (Large) (Small) 


Silicon with with i without without without 
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Graphite sheet application notes 


Graphite sheet is soft, do not rub or touch it with rough materials to avoid scratching 
it. 


Lines or folds in the Graphite sheet may affect thermal conductivity. 
Graphite sheet has conductivity, should avoid to cover antenna zone. 
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@ Nano Silica Baloon Insulator 


> Combining thermal insulation material with PGS enables thermal management in 


cellphone. 


Graphite (Top) Graphite (Top) 
Thermal management example NASBIS (middie) een p NASBIS 
l 
1) Gather heat to one direction TN Bottom) 
Structure (Bottom) 
NASBIS 
Z NAsBis+Pcs |m 


10min 


PGS 


an aa 
2) Transfer the heat to . 
istant pl i 
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All data and information contained in or disclosed by this document is confidential and 
proprietary information of Spreadtrum and all rights therein are expressly reserved. By 
accepting this material, the recipient agrees that this material and the information 
contained therein is to be held in confidence and in trust and will not be used, copied, 
reproduced in whole or in part, nor its contents revealed in any manner to others without 
the express written permission of Spreadtrum. The contents are subject to change without 
prior notice. Although every reasonable effort is made to present current and accurate 
information, Spreadtrum makes no guarantees of any kind with respect to the matters 
addressed in this document. In no event shall Spreadtrum be responsible or liable, directly 


or indirectly, for any damage or loss caused or alleged to be caused by or in connection 


with the use of or reliance on any such content. 


THANK YOU! 


